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General 

A t r i p l e - p l a n e t  (Earth-Venus-Mars-Venus-Earth) 
b a l l i s t i c  f l y b y  l a u n c h  o p p o r t u n i t y  was r e c e n t l y  found t o  
e x i s t  i n  mid-1981 . S i n c e  i t  was comprised o f  a d i f f e r e n t  
combina t ion  o f  Venus swingby t r a j e c t o r i e s  t h a n  t h e  1977 
t r i p l e - p l a n e t  f l y b y  o p p o r t u n i t y 2 ,  i t  was s p e c u l a t e d  t h a t  a 
t h i r d  combina t ion  o f  swingby t r a j e c t o r i e s  might y i e l d  a n o t h e r  
t r i p l e - p l a n e t  f l y b y  i n  l a t e  1978. T h i s  f l y b y  o p p o r t u n i t y  was 
i n d e e d  found.  Tab le  I l i s t s  one o f  i t s  t y p i c a l  t r a j e c t o r i e s ,  
and i t s  m i s s i o n  p r o f i l e  i s  shown i n  F i g u r e  1. It i s  no ted  
t h a t  t h i s  o p p o r t u n i t y  i s  e s s e n t i a l l y  t h e  1978 d u a l - p l a n e t  
f l y b y  w i t h  i t s  r e t u r n  l e g  modi f ied  t o  p a s s  Venus, t h e r e b y  
e x t e n d i n g  i t s  t r i p  t i m e  t o  about  800 d a y s .  

1 

TABLE I 

EVENT 

E a r t h  Dep. 

Venus Pass 

Mars Pass 

Venus Pass 

E a r t h  A r r .  

DATE 

( J u l i a n )  

2 4 4  3840 

244 4004 

244 4202  

2 4 4  4419 

2 4 4  4635 

(Ca lenda r )  

28 Nov 78 

11 May 79 

25 Nov 79 

29 Jan 80 

3 1  Jan  81  

V a  

(Emos) 

0.1722 

0.3444 

0.1636 

0.2186 

0.2384 

PASS 
RAD.  

(P .R . )  

1 .289 

2 370 

1 .316  

PER1 
VEL. 

(FPS) 

44,900 

19,300 

36 , 300 

I N J / E N T R Y  
VEL. 

14,300 

43,000 
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Cursory examinat ion  o f  t h e  t r a j e c t o r y  data 
a s s o c i a t e d  w i t h  t h i s  f l y b y  o p p o r t u n i t y  shows t h a t  t h e  l a u n c h  
window b e g i n s  w i t h  t h e  t a b u l a t e d  t r a j e c t o r y  and e x t e n d s  t o  
J .  D .  2 4 4  3875, a f t e r  which t h e  e a r t h  d e p a r t u r e  V - i n f i n i t y  
v e c t o r  becomes grea te r  t h a n  0 . 2 5  emos*. E a r t h  a r r i v a l s  e a r l i e r  
t h a n  J .  D .  2 4 4  4630 impact  Venus a t  i t s  second e n c o u n t e r  
regardless  o f  t h e  l aunch  d a t e .  Hence, a t h i r t y - f i v e  day 
l a u n c h  window e x i s t s  and t r i p  d u r a t i o n s  r a n g e  from 760 t o  800 
d a y s .  The i n j e c t i o n  v e l o c i t y  i s  no ted  to be small d u r i n g  t h e  
ea r ly  p a r t  o f  t h e  window, and t h e  e a r t h - e n t r y  v e l o c i t y  i s  low. 
The p a s s a g e  v e l o c i t i e s  a t  Mars and Venus' second e n c o u n t e r  a re  
q u i t e  s low,  which i s  impor t an t  from t h e  s t a n d p o i n t  o f  obse rva -  
t i o n  t i m e  w i t h i n  t h e  p l a n e t s '  s p h e r e  o f  i n f l u e n c e ,  p robe  
deployment and c o n t r o l ,  and p robe  d e s i g n  r e q u i r e m e n t s .  

P l a n e t a r y  Encounter  C h a r a c t e r i s t i c s  

The f i r s t  Venus passage  o c c u r s  w i t h  t h e  p e r i a p s i s  
p o s i t i o n  i n  the s u n l i t  s i de  abou t  f o r t y - f i v e  d e g r e e s  a f t e r  t h e  
s u b - s o l a r  p o i n t  and about  e i g h t  degrees above t h e  e q u a t o r  on 
a n  az imuth  o f  n i n e t y  degrees. ( F i g u r e  2 )  The passage v e l o c i t y  
i s  about  45,000 f p s  a t  an  a l t i t u d e  o f  960 nm. 

The f l y b y  c h a r a c t e r i s t i c s  o f  t h e  Mars e n c o u n t e r  are  
a t t r a c t i v e  i n  c e r t a i n  r e spec t s  and less  a t t r a c t i v e  i n  o t h e r s .  
The passage  v e l o c i t y  i s  low, b u t  p e r i a p s i s  o c c u r s  w e l l  i n t o  
t h e  da rks ide  a t  a n o r t h e r n  l a t i t u d e  o f  24  degrees .  ( F i g u r e  3 )  
The head ing  t h e r e  i s  wes t -nor thwes t .  The a p p r o a c h - t a r g e t  p o i n t  
and t h e  e x i t - p o i n t  each  l i e  n e a r  o p p o s i t e  t e r m i n a t o r s ,  s o  t h e  
f u l l  d a r k s i d e  i s  t r a v e r s e d  d u r i n g  t h e  p a s s a g e .  Radar and 
i n f r a - r e d  mapping of t h e  s u r f a c e  would have to supplement  
c o n v e n t i o n a l  p h o t o g r a p h i c  mapping. 

The second Venus encoun te r  has e n t i r e l y  d i f f e r e n t  
c h a r a c t e r i s t i c s  from t h e  f i r s t .  ( F i g u r e  4 )  The f l y b y  
i n c l i n a t i o n  i s  1 4 0  d e g r e e s ,  which means t h a t  t h e  passage i s  
between p o l a r  and r e t r o g r a d e .  P e r i a p s i s  o c c u r s  approach ing  
t h e  da . rks ide  on t h e  t e r m i n a t o r  a t  a s o u t h e r n  l a t i t u d e  of  2 4  
degrees on a n o r t h w e s t e r l y  az imuth .  The a p p r o a c h - t a r g e t  p o i n t  
l i e s  w i t h i n  4 0  degrees of t h e  s u b - s o l a r  p o i n t .  

"1 emos = 97,702 f t / s e c .  The ear th-mean-orb i ta l - speed  
i s  t h e  n o r m a l i z i n g  f a c t o r  a p p l i e d  to V - i n f i n i t y  v e c t o r  
magn i tudes .  
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Depending upon t h e  n a t u r e  and pu rpose  o f  expe r imen t s  and p r o b e s  
c a r r i e d ,  t h e  ve ry  d i v e r s e  f lyby  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  
t h e  s e p a r a t e  e n c o u n t e r s  may prove  t o  be a n  a t t r a c t i v e  f e a t u r e  
of t h i s  m i s s i o n  o p p o r t u n i t y .  

C l a r i f i c a t i o n  of  t h e  Type C l a s s i f i c a t i o n  

It i s  wor th  c l a r i f y i n g  t h e  ItTypett c l a s s i f i c a t i o n  
t h a t  was e s t a b l i s h e d  (somewhat a r b i t r a r i l y )  by G i l l e s p i e  and 
Ross3 i n  regard t o  Venus swingby t r a j e c t o r i e s ,  s o  t h a t  t h e  
p a t t e r n  o f  t r i p l e  p l a n e t  f l y b y  o p p o r t u n i t i e s  may b e  e x p l a i n e d  
more e a s i l y .  

The Venus swingby t r a j e c t o r i e s  can  b e  r e l a t ed  i n  
some manner t o  t h e  Mars-Venus a l ignmen t  date  o c c u r r i n g  w i t h i n  
t h e  t ime frame o f  t h e  mis s ion  o p p o r t u n i t y .  G i l l e s p i e  and Ross 
d e s i g n a t e d  b o t h  outbound and inbound swingbys by t y p e s  numbered 
from one t h r o u g h  seven  acco rd ing  t o  T a b l e  11. On t h e  b a s i c  o f  
Mars s t o p o v e r  m i s s i o n s  t h e  Venus swingby t y p e s  were e v a l u a t e d  
i n  c o m p e t i t i o n  w i t h  d i r e c t - l e g  t r i p s .  The even numbered t y p e s  
were immedia t e ly  d i s c a r d e d  a s  unusab le  because  Venus i s  no t  i n  
a f a v o r a b l e  p o s i t i o n  t o  match a r e a s o n a b l e  d i r e c t  l e g  w i t h  a 
swingby l e g  on a r o u n d t r i p  m i s s i o n .  The number sevens  were 
r e j e c t e d  b y  v i r t u e  o f  b e i n g  non-compe t i t i ve  on t h e  basis  o f  
ex tended  t r i p  t i m e ,  s i n c e  a d i r e c t  l e g  i s  a lways  a v a i l a b l e  
d u r i n g  t h e  same t i m e  p e r i o d .  The number one t y p e s  were 
g e n e r a l l y  found t o  impact Venus, and hence ,  were r e l ega ted  t o  
a s t a t e  of m a r g i n a l  u s e f u l n e s s .  The number t h r e e s  were 
a lways  found t o  be advantageous o v e r  d i r e c t  t r i p s  a t  t h e  c o s t  
o f  l o n g e r  t r i p  d u r a t i o n s ,  and t h e  number f i v e s  -- o c c u r r i n g  
i n  pairs  (outbound-inbound)  -- were a t t r a c t i v e  for s h o r t  
s t o p o v e r  t imes .  

The T r i p l e - P l a n e t - F l y b y s  

The 1977 t r i p l e - p l a n e t  f l y b y s  were found by a d j u s t i n g  
t h e  da t e s  a s s o c i a t e d  w i t h  t h e  p a i r  o f  number f i v e  swingbys s o  
t h a t  t h e  h y p e r b o l i c  e x c e s s  v e l o c i t i e s  a t  Mars matched on 
a r r i v a l  and d e p a r t u r e ,  wh i l e  a l s o  p a s s i n g  above t h e  p l a n e t ' s  
s u r f a c e .  The symmetry a s s o c i a t e d  w i t h  t h e  p l a n e t a r y  p o s i t i o n s  
a t  t h e i r  e n c o u n t e r  da t e s  sugges t ed  a un iqueness  t h a t  would n o t  
b e  repeated a g a i n  u n t i l  a 6 . 4  yea r  p e r i o d  had e l a p s e d .  
( I n  f a c t ,  data g e n e r a t e d  f o r  a s imilar  m i s s i o n  i n  1983 
v e r i f i e s  t h a t  t h e  m i s s i o n  c h a r a c t e r i s t i c s  a re  repeated w i t h  
o n l y  nominal  d i f f e r e n c e s . )  
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TABLE 11* 

Mars-Venus 
A1 ignment 

Cal. Date J. Date 

14.6 Oct 75 
25.7 Aug 76 
11.6 Aug 77 
25.7 Jun 78 
9.3 Jun 78 

5.6 Apr 81 
23.1 Feb 82 
31.5 Jan 83 
24.4 Dec 83 
27.2 Nov 84 
23.8 Oct 85 
23.7 Sep 86 
24.1 Aug 87 
20.2 Jul 88 
23.5 Jun 89 
16.9 May 90 
12.8 Mar 92 
21.1 Feb 93 
8.0 Jan 94 
22.2 Dec 94 
5.6 Nov 95 
21.3 Oct 96 
2.6 Sep 97 
21.2 Aug 98 
1.9 Jul 99 

24.9 Apr 80 

23.8 Apr gi 

2442700.1 
2443016.2 
2443367.1 
2443685.2 
2444033.8 
2444354.4 
2444700.1 
2445023.6 
2445366.0 
2445692.9 
2446031.7 
2446362.3 
2446697.2 
2447031.6 
2447362.7 
2447701.0 
2448028.4 

2448694.3 
2449039.6 
2449360.5 
2449708.7 
2450027.1 

2450694.1 
2451046.7 
2451361.4 

2448370.3 

2450377.8 

Heliocentric 
Longitude 

49 97" 
197 90" 
38.68" 
189.71" 
26.79" 
181.71O 
14.32" 
173.84" 
1.32' 

166.08" 
347 93" 
158 37' 
334 33' 
150.68' 
320.72' 
142.97" 
307 33" 
135 19" 
294.34' 
127. 31' 
281.87" 
119.28" 

111.06~ 

102. 60" 

270. 00" 

258.73" 
248.05" 

Venus Swingby Type # 
Outbound Inbound 

The 1981 triple-planet flyby was discovered 
somewhat by accident during the analysis of a Mars-Venus dual- 
planet flyby in which the Earth-Mars leg circumscribed the sun 
at length in the vicinity of Venus' orbit. Venus was 
determined to be in the vicinity at the right time. When the 
successful triple flyby was found, it was determined to be 
comprised of a type number seven outbound matched with a 
number three inbound type. Since a number seven type was 
involved, its rejection as a usable swineby type was immediately 
questioned. 

*Contents taken with permission from Reference 4. 



BELLCOMM, INC. - 5 -  

What was over looked  h e r e t o f o r e  was t h e  f a c t  t h a t  
Venus swingby t r i p s  have been viewed i n  c o m p e t i t i o n  w i t h  
o p p o s i t i o n  c l a s s  ( d i r e c t )  t r i p s  w i t h  t h e  Venus e n c o u n t e r  
s e r v i n g  p r i m a r i l y  t o  a l t e r  some u n f a v o r a b l e  m i s s i o n  c h a r a c t e r -  
i s t i c s ,  whereas t h e  p r i m a r y  purpose  o f  t h e  p l a n e t a r y  e n c o u n t e r  
may be  t h e  e n c o u n t e r  i t s e l f ;  and while  t h e  swingby o p p o r t u n i -  
t i e s  s e r v e  as a g u i d e  f o r  l o c a t i n g  f l y b y  o p p o r t u n i t i e s ,  
a s sumpt ions  based on one c l a s s  of  t r i p  do n o t  n e c e s s a r i l y  
a p p l y  t o  t h e  o t h e r .  

Gene ra l  O b s e r v a t i o n s  

Examinat ion of Table I1 shows t h a t  t h e  sequence  o f  
t r i p l e - p l a n e t  f l y b y s  a re  comprised of  t y p e  combina t ions :  
#7 /#3 ,  #5 /#5 ,  #3 /#7 ,  ....., w i t h  t i m e  i n t e r v a l s  o f  1 . 8 3 ,  1 . 8 3 ,  
2 , 7 4 , . . . . . , ( y e a r s ) .  

It i s  obse rved  t h a t  when t h e  Venus passage  i s  
a s s o c i a t e d  w i t h  a number t h r e e  t y p e  swingby, t h e  p a s s a g e  
v e l o c i t i e s  are h i g h ,  whereas t h e  number f i v e s  pass somewhat 
more s lowly  and t h e  number sevens pass Venus a t  low v e l o c i t y .  
T h i s  phenomena i s  due t o  t h e  a n g u l a r  r e l a t i o n s h i p  e x i s t i n g  
between t h e  s p a c e c r a f t ' s  t r a j e c t o r y  and Venus' o r b i t  a t  t h e  
t i m e  o f  e n c o u n t e r .  The number t h rees  c r o s s  Venus' o r b i t  a t  
an  a p p r e c i a b l e  a n g l e  as a r e s u l t  o f  t h e  s p a c e c r a f t ' s  
e x c u r s i o n  a round t h e  sun  a t  less  t h a n  0 . 6  a . u .  ( g e n e r a l l y ) ,  
w h i l e  t h e  number sevens  appear  t o  e n c o u n t e r  Venus' o r b i t  
t a n g e n t i a l l y .  The number f i v e s  e n c o u n t e r  Venus a t  a s l i g h t  
a n g l e ,  which produces  a moderate passage v e l o c i t y .  

It s h o u l d  n o t  b e  c o n s t r u e d  t o  mean t h a t ,  because  
t h e  a d d i t i o n a l  t y p e s  o f  t r i p l e - p l a n e t  f l y b y  o p p o r t u n i t i e s  
have  been found,  t h r e e  times as many m u l t i - p l a n e t  f l y b y  
o p p o r t u n i t i e s  e x i s t .  I n  each c a s e  t h e  t r i p l e  f l y b y  has been  
found t o  be  a s p e c i a l  c a s e  o f  a d u a l  f l y b y ,  j u s t  as t h e  
Venus swingby m i s s i o n  can be c o n s i d e r e d  a s p e c i a l  c a s e  o f  
t h e  o p p o s i t i o n  c l a s s  mis s ion .  However, j u s t  as some 
o p p o s i t i o n  t r i p s  are  un favorab le  and some o f  t h e  r e c o g n i z e d  
swingby t r i p s  are q u i t e  long ,  some d u a l - p l a n e t  f l y b y s  are 
u n a t t r a c t i v e  and most t r i p l e - p l a n e t  f l y b y s  are  l o n g .  

The t r i p l e s  make two n o t a b l e  c o n t r i b u t i o n s  t o  t h e  
f a m i l y  o f  Mars-Venus m u l t i - p l a n e t  f l y b y  o p p o r t u n i t i e s :  They 
p r o v i d e  a n  a d d i t i o n a l  launch  o p p o r t u n i t y  when t h e y  o c c u r  i n  
t h e  same g e n e r a l  t i m e  p e r i o d  as a Mars-Venus sequence d u a l -  
p l a n e t  f l y b y ,  i . e . ,  inbound swingby (because  t h e  outbound 
l e g  i s  mod i f i ed  s i g n i f i c a n t l y ) ;  and t h e y  p r o v i d e  t h e  f e a t u r e  
of hav ing  a n  " o p t i o n a l  r e t u r n  c a p a b i l i t y "  u t i l i z i n g  t h e  
d i r e c t  l e g  t o  ear th ,  when t h e  a s s o c i a t e d  d u a l - p l a n e t  has a 
Venus-Mars e n c o u n t e r  sequence,  i . e . ,  outbound swingby. 
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Three d i f f e r e n t  c a t e g o r i e s  of t r i p l e - p l a n e t  
b a l l i s t i c  f l y b y s  have been i d e n t i f i e d ,  and t h e i r  g e n e r a l  
c h a r a c t e r i s t i c s  have been found t o  r e l a t e  t o  t h e  Venus 
swingby t r a j e c t o r i e s ,  o f  which t h e y  are compr ised .  S i n c e  
each  i n v o l v e s  e i t h e r  a t y p e  f i v e  o r  a t y p e  seven ,  a t  l ea s t  
one slow passage  o f  Venus w i l l  b e  a v a i l a b l e  d u r i n g  each  
o p p o r t u n i t y  -- an  i m p o r t a n t  c o n s i d e r a t i o n  r e g a r d i n g  probe  
d e s i g n .  

The t r i p l e - p l a n e t  f l y b y s  a r e  s p e c i a l  c a s e s  of  
d u a l - p l a n e t  f l y b y s ,  i n  which t h e  Ea r th -Mars ' l eg  i s  mod i f i ed  
t o  f l y  by  Venus. 

The o p t i o n  i s  a v a i l a b l e  t o  exc lude  t h e  second 
Venus passage  and r e t u r n  t o  e a r t h  n i n e  months e a r l i e r .  

An adequa te  launch  window e x i s t s  f o r  a l l  t h ree  
c a t e g o r i e s  o f  t r i p l e - p l a n e t  f l y b y  o p p o r t u n i t i e s  accompanied 
by "easy" i n j e c t i o n  c o n d i t i o n s .  The t r i p  d u r a t i o n s  a re  
q u i t e  l ong .  

A .  A .  VanderVeen 1013-AAV-ek 
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